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2 MHz 650 mA Step Down Converter for RF Power Amplifiers in
Tiny 8-pin WCSP Package

FEATURES

High-Efficiency Step-Down Converter
Output Current up to 650 mA

V\y Range From 2.5t0 6.0 V

2.0-MHz Fixed-Frequency Operation
Clock Dithering (TPS62701)

Dynamic Voltage Control With External
Reference (1.3 V to 3.09 V)

Fast Output-Voltage Settling (1.3 Vto 3.09 V in
20 ps)

Soft Start

Overload Protection

Undervoltage Lockout

Thermal Protection

8-Pin WCSP Package

APPLICATIONS

A

Cell Phones, Smart Phones
Battery-Powered RF Amplifier

DESCRIPTION

The TPS6270x device is a high-efficiency
synchronous step-down DC-DC converter optimized
for RF power-amplifier (PA) applications. It provides
up to 650 mA of output current from a single Li-lon
cell.

The device converts input voltages from 2.5 to 6.0 V
down to an output voltage set by an external analog
reference voltage applied to the pin VCON. The
output voltage follows the external reference by an
internal gain of 2.5 within the limits of 1.3 V to 3.09 V.
This scheme adjusts the output voltage of the DC/DC
converter and therefore the output power of an
RF-PA.

The TPS6270x operates in fixed-frequency PWM
mode at a 2.0-MHz switching frequency to minimize
RF interference. This converter operates with only
three small external components; an input capacitor,
inductor and output capacitor. The TPS62701 has in
addition a built-in clock-dithering circuit to reduce RF
noise.

The TPS6270x is available in a tiny 8 pin lead free
WCSP package for smallest solution size.

TYPICAL APPLICATION

ViN25Vto 6.0V

3.3 uH Vout = 2.5 X VCON
1.3V1t03.00V

j I 4.7 4F

-

10 uF = AVIN  PVIN
FB
o— EN
o— VCON
AGND PGND
T T

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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A

‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

ORDERING INFORMATION

These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam

TA PART NUMBER® PACKAGE ORDERING PACKAGE MARKING
—30°C to 85°C TPS62700 WCSP 8 pin TPS62700YZF CKL
TPS62701 TPS62701YZF CGJ
(1) The package is available in tape on reel. Add R suffix to order quantities of 3000 parts per reel.
ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range (unless otherwise noted)®
VALUE UNIT
Input voltage range® -0.3t0 7 \Y
Voltage range at EN, VCON® —0.3to V)y+0.3,£7 \Y
Voltage on SW® -0.3t0 7 \Y
Peak output current® internally limited
ESD rating® HBM Human body model 2 kv
Machine model 200 \Y
T, Maximum operating junction temperature —40 to 150 °C
Tstg Storage temperature range —65 to 150 °C
(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute—maximum-rated conditions for extended periods may affect device reliability.
(2) All voltage values are with respect to network ground terminal.
(3) The human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin. The machine model is a 200 pF

capacitor discharged directly into each pin.

DISSIPATION RATINGS® @

POWER RATING DERATING FACTOR
PACKAGE Reaa FOR Tp < 25°C ABOVE T, = 25°C
YZF 110°C/W 900 mwW 9 mw/°C

(1) Maximum power dissipation is a function of Tj(max), 8;5 and Ta. The maximum allowable power dissipation at any allowable ambient
temperature is Pp = [Ty(max) — Ta] / 6;a-
(2) This thermal data is measured with high-K board (4 layers board according to JESD51-7 JEDEC standard).

RECOMMENDED OPERATING CONDITIONS

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX| UNIT
Vins AV, PViN Supply voltage 25 6 \%
Ta Operating ambient temperature —40 85 °C
T; Operating junction temperature -40 125 °C
2 Submit Documentation Feedback Copyright © 2007-2008, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS

PV\,y =AVIN =V, =3.6 V, EN = AV, Tpo = T; =—-40°C to 85°C typical values are at T, = 25°C (unless otherwise noted), see

parameter measurement information

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SUPPLY
AV|\, PViy  Input voltage range louT max = 650 MA 25 6 Y,
lout Output current Viy25t06V 650 mA
lo Operating quiescent current into AVIN VCON=1V,FB=0V, V) = 3.6V, device not 0.1 0.3 mA
switching @
Isp Shutdown current EN = SW=VCON = AGND, AV|y = PV)\y = 3.6V 0.01 2 HA
ENABLE
Viy High Level Input Voltage, EN 1.2 Vin \%
Vi Low Level Input Voltage, EN 0 0.4 \%
Iin Input bias Current, EN EN = AVIN 5 10 HA
CONTROL INPUT Veon
VycoN, MIN Vcon Threshold forcing Veg min Falling VCON signal 0.484 0.52  0.556 \%
Vvcon, max ~ Vcon Threshold forcing Veg wax Rising VCON signal 1211  1.236 1.26 \Y
Zycon Vcon Input resistance 100 kQ
Cvcon Vcon Input capacitance Veon =1V, =100 kHz 20 pF
lin veon Vcon Input current 10 HA
Gain Internal Gain Vout/Veon 0.556 V £ Vcon £1.208 V 25
POWER SWITCH
) i ) Ta=T;=25°C 100 140 230
High side MOSFET on-resistance PV|N=Vgs=3.6V mQ
Ta =Ty =-40°C to 85°C 270
Rps(on) "
) ) Ta=T;=25°C 180 200 330
Low-Side MOSFET on-resistance PViN=Vgs=3.6 V mQ
Ta =T, =—-40°C to 85°C 430
e Forward gurrent limit MOSFET high side PV = 3.6 V 035 1100 1200 mA
and low side
OSCILLATOR
fsw Oscillator frequency 3V<Vy<5V 1.7 2.0 2.3 MHz
FEEDBACK/OUTPUT
VEB, MIN Minimum feedback voltage Veon = 0.4V @G 1.25 1.3 1.35 Y
Vg Feedback voltage Veon = 1.1V @G 2.693 2.75 2.835 Y
VEs, Max Maximum feedback voltage Veon = 1.4V @G 3.028 3.09 3.15 \Y
Linearity Linearity in Veoy range 0.556 V to 1.208 V| @ ©® -2 2 %
Vour Rise time from 1.3 V to 3.09 V Viy=4.2V, Cour = 4.7 PF, L=33 pH, Riopp =5 Q 20 30
[©IO]
T S
RESPONSE  ['y/our Fall time from 3.09 V to 1.3 V Vi = 4.2V, Coyr = 4.7 WF, L = 3.3 pH, Rioap = 10 Q 20 30 .
[©IO]
T_ON Start-up Time From Enable low to high transition until Vout reaches 190 300 us
3.09V, Coyr = 4.7 UF, L= 3.3 pH, loyr £ 1 MA
n Efficiency (L = 3.3uH, DCR < 100mQ) Vin=3.6V, Vour = 1.3V, Igyr = 150 mA OC) 87 %
Vin = 3.6 V, Vour = 3.09 V, loyt = 400 mA ®G) 95
Vour ripre  Ripple voltage, PWM mode Vin=3Vto45V,Voyr=13V, 10 mVp.p
lout = 10 mA to 400 mA @
Line_tr Line transient response VN = 600 mV step, over V)y range 3V 10 5.5V Trise = 50 mVpk
Tea = 10 ps, V?UT =13V,
lour = 100 mA @
Load_tr Load transient response Viy =3.1/3.6/45V, Vour = 1.3V, 50 mVp
transients 0 mA to 100 mA,
Trise = TraL = 10 ps @
(1) Device operating in 100% duty cycle mode
(2) 25V<s VIN <6V, with V|N_M|N =VOUT +0.5V
(3) The voltage need to be measured on the Coyt using appropriate measurement probes. For the measurements, a proper PCB layout

and usage of recommended inductors and capacitors are essential. See parameter measurement information.
(4) Rise/Fall time valid for Vgg within specified limits.
(5) Using appropriate inductor with R (pcgy less than 100 mQ

Copyright © 2007-2008, Texas Instruments Incorporated
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PIN ASSIGNMENTS

CSP-8 CSP-8
TOP VIEW BOTTOM VIEW
SW SW

PV)y (A3)|PGND  PGND (a1)| PVin
AVy AGND AGND AV
JCICIC PR CICIO

Veon Veon

TERMINAL FUNCTIONS

TERMINAL 110 DESCRIPTION
NAME NO. CSP
PVin Al PWR | V,y power supply input for the PMOSFET
AV|n B1 PWR | V,y analog supply input for the internal analog circuitry
EN C1 | Enable input for the device. Set high for operation, low for shutdown. This pin must be terminated.
Vcon c2 | Voltage control input. This pin controls the output voltage of the converter. The output voltage follows
Vcon With a gain of 2.5 for 0.556 V < V¢on < 1.208 V.
FB C3 | Analog Feedback Input Pin for the internal regulation loop. Connect this pin directly to the output
capacitor.
AGND B3 | Analog GND Pin for the internal analog circuitry.
PGND A3 Power GND Pin for the NMOSFET
SW A2 Switch Node to the internal PMOSFET and NMOSFET. Connect the external inductor between this pin
and the output capacitor.

FUNCTIONAL BLOCK DIAGRAM

g EN Q AVIN [ ]Pvin
—rmreee—e————————————— e | __l

| Current
| Thermal Limit Comparator |
Shutdown |
VcoN | P
Clamp Limit |
I:l | Circuit High Side |
I i |
| Error Amp e |
| Control Gate Driver |
VREF | | ntogrator Stage Antl | | ]
| Shoot-Through !
sSw

|

| Amp. —
| |

| o
| Softstart Through N |
Limit |
I Low Side |

FB Sawtooth 2.0 Mhz
| Generator [* | Oscillator Current |
| Limit Comparator |
AGND [ |PeND
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PARAMETER MEASUREMENT INFORMATION

VIN .

p— T ‘ 3.3uH
10 uF PVIN
AVIN s A

Vout

— 4.7 uF/10 F
FB

©— VCON

AGND PGND
- L

L: LPS4018 3.3 uH, DCR 70 mQ/VLF3014A 3.3 uH DCR 150 mQ
Cin: GRM188R60J106M 10 uF Murata 0603 size

Cout: GRM188R60J106M 10 uF Murata 0603 size
GRM188Ru60J475K 4.7 uF Murata 0603 size

DETAILED DESCRIPTION

OPERATION

The TPS6270x step down converter operates at a 2.0-MHz fixed frequency using pulse-width modulation (PWM)
over the entire load range. This ensures low output-voltage ripple for RF-PA power applications.

In PWM operation, the converter uses a unique fast-response voltage-mode control scheme to achieve good line
and load regulation, allowing the use of small ceramic input and output capacitors.

At the beginning of each clock cycle initiated by the clock signal, the High-Side MOSFET switch is turned on. The
current flows from the input capacitor via the High-Side MOSFET switch through the inductor to the output
capacitor and load. During this phase, the current ramps up until the PWM comparator trips and the control logic
turns off the switch. The current limit comparator also turns off the switch when the current limit of the High-Side
MOSFET switch is exceeded. After a short dead time to prevent shoot-through, the Low-Side MOSFET rectifier
is turned on, and the inductor current ramps down. The current then flows from the inductor to the output
capacitor and to the load. It turns back to the inductor through the Low-Side MOSFET rectifier.

The next cycle is initiated by the clock signal turning off the Low-Side MOSFET rectifier and turning on the
High-Side MOSFET switch.

Dynamic Output Voltage Control Veop

The output voltage of TPS6270x can be dynamically adjusted with an external analog voltage applied to the pin
Vcon. This voltage is typically supplied from an external DAC to adjust the supply voltage for the RF Power
amplifier, and therefore to determine the RF output power. The output voltage is set to : Voyr = 2.5 X Veon-

The output voltage can be set in the range between Veg yiy (1.3 V) and Veg wax (3.09 V). The device provides
an internal voltage gain factor of 2.5. For dynamic voltage adjustment the Vcoy voltage range is between Vcoy,
min (0.52 V) and Vcon max (1.24 V). In Case the Voy voltage is out of this range, the output voltage is internally
limited t0 Veg min (1.3 V) and Veg max (3.09 V). This allows using the TPS6270x as a fixed output voltage
converter where the Von Pin is connected, for example, to GND or V.

100% Duty Cycle Low Dropout Operation

The device starts to enter 100% duty-cycle mode when the input voltage approaches the nominal output voltage.
In order to maintain the output voltage, the High-Side MOSFET switch is turned on 100% for one or more cycles.

Copyright © 2007-2008, Texas Instruments Incorporated Submit Documentation Feedback 5
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With further decreases of V|, the High-Side MOSFET switch is turned on completely. In this case, the converter
offers a low input-to-output voltage difference. This is particularly useful in battery-powered applications to
achieve longest operation time by taking full advantage of the entire battery voltage range. The minimum input
voltage to maintain regulation depends on the load current and output voltage, and can be calculated as:

Vin_min = Vour_min +lout_max * (Rpson_max +RL) @
With:
lout Max = maximum output current plus inductor ripple current
RDSON_MAX = maximum P-channel switch RDSON'

R, = DC resistance of the inductor
Vout_max = hominal output voltage plus maximum output voltage tolerance

ENABLE

The device is enabled by setting the EN pin to high and at first the internal circuits are settled. Afterwards the
device activates the soft start circuit and ramps up the output voltage. The output voltage is ramped up from 0 V
to 3.09 V within typically 190 ps after the EN pin changes from low to high. A low signal at the EN pin sets the
device in Shutdown Mode with less than 2 pA current consumption.

SHORT-CIRCUIT PROTECTION

The High-Side and Low-Side MOSFET switches are protected with maximum output current = I ye in case a
short circuit on the output occurs. When the High-Side MOSFET switch reaches its current limit, it is turned off,
and the Low-Side MOSFET switch is turned on. The High-Side MOSFET switch can only turn on again, after the
current in the Low-Side MOSFET switch decreases below its current limit.

THERMAL SHUTDOWN

As soon as the junction temperature, T;, exceeds 150°C (typical) the device goes into thermal shutdown. In this
mode, the High-Side and Low-Side MOSFETs are turned-off. The device continues its operation when the
junction temperature falls by typical 20°C.

UNDERVOLTAGE LOCKOUT

The device stops operation at typ. 1.5 V with falling input voltage and starts operation at typ. 1.7 V with rising
input voltage. This prevents malfunction of the device due to low input voltage.

CLOCK DITHERING

In order to reduce switch frequency harmonics in the higher RF bands, the TPS62701 has a built-in
clock-dithering circuit.

TYPICAL CHARACTERISTICS

Typical Characteristic Graphs

FIGURE
Switching Frequency vs Input Voltage (Vin) Figure 1
Rpson vs V|y, N-Channel Figure 2
Rpson vs V), P-Channel Figure 3
Shutdown Current (Isp) vs Temperature Figure 4
Quiescent Current (lg) into AVIN vs VN Figure 5
EN High Threshold Voltage vs VN Figure 6
Efficiency vs Output Current Figure 7
Efficiency vs Output Current Figure 8
Efficiency vs Output Voltage Figure 9
Efficiency vs Output Voltage Figure 10
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TYPICAL CHARACTERISTICS (continued)
Typical Characteristic Graphs (continued)

FIGURE
Output Voltage vs Output Current (Vout = 1.3V, Tp = 25°C) Figure 11
Output Voltage vs Output Current (Vout = 1.3V, Tp = —-40°C) Figure 12
Output Voltage vs Output Current (Vout = 1.3V, Tp = 85°C) Figure 13
Output Voltage vs Output Current (Vout =2.75 V, Tp = 25°C) Figure 14
Output Voltage vs Output Current (Vout = 2.75 V, Ty =-40°C) Figure 15
Output Voltage vs Output Current (Vout =2.75 V, T =85°C) Figure 16
Output Voltage vs Output Current (Vout = 3.09 V, Tp = 25°C) Figure 17
Output Voltage vs Output Current (Vout = 3.09 V, T =-40°C) Figure 18
Output Voltage vs. Vcon Voltage (V| =4.2V) Figure 19
Output Voltage vs Output Current (Vout = 3.09 V, T =85°C) Figure 20
Output Voltage Vout vs VCON Voltage Figure 21
VCON Max Threshold Vout Ta = 25°C Figure 22
VCON Max Threshold Vout Ta = 85°C Figure 23
VCON Max Threshold Vout Ta =40°C Figure 24
VCON Min Threshold Vout Ta = 25°C Figure 25
VCON Min Threshold Vout Ta = 85°C Figure 26
VCON Min Threshold Vout Ta =40°C Figure 27
Load Transient Response Voyt = 1.3V Figure 28
Load Transient Response Vgyt = 3.09 V Figure 29
Load Transient Response Vgyt = 3.09 V Figure 30
Load Transient Response Vgyt = 3.09 V Figure 31
PWM Mode Operation Voyt =1.3V Figure 32
PWM Mode Operation Vout = 3.09 V Figure 33
Output Voltage Ripple At High Duty Cycle Operation Figure 34
VCON Voltage Response Figure 35
VCON Output Voltage Response And Synchronous Applied Load Transient Figure 36
Startup Voyt 1.3V Figure 37
Startup Voyt 3.09 V Figure 38
Line Transient Response Figure 39
Copyright © 2007-2008, Texas Instruments Incorporated Submit Documentation Feedback 7
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SWITCHING FREQUENCY Rpson
Vs VS
Vin INPUT VOLTAGE V,y, N-CHANNEL
2.30 G 040
[
2
2.20 Ty =85°C— % 0.35
Tp=20°C 'a
N @
z ‘ ‘& 030
. 210 e 5 Tp=85°C
Fry @
g %ﬁ \ \ & 025 7 Ty = 25°C
T 2.00 74 Ta=0°C — | Tp=-30°C | 8 \
: / i ’ 3 0.20 Ta=-40°C
o [ /
g :
i (=
= Lo T T
’é o 0.15
(5]
1.80 n 0.10
' —]
c
K
1.70 8 005
2.5 3 3.5 4 4.5 5 5.5 6 25 3 3.5 4 4.5 5 5.5 6
V, - Input Voltage -V V, - Input Voltage -V
Figure 1. Figure 2.
Rpson SHUTDOWN CURRENT (Isp)
VS Vs
Vin, P-CHANNEL TEMPERATURE
G 0.25 125 ‘
g 023 A EN=0V
B \
3 0.21 100
&
@ 019 N Ty =85°C <
5 \ J/ \ < V=55V
& :
i A7 = 25° v
5 ° N Jan 2 ‘c § ° V=45V /
8 045 NN T, = -40°C 3 ‘
o \ /\ A o V=35V
3 c
@ 0413 SENE 2 5 |
£ N \\L 8 V=25V <
g N 5
8 o041 ~ ~— 2 /
® 0.09 P —] T 25 /
3 — %2/
'~ 0.07 /
o
3 o005 0 =
25 3 3.5 4 4.5 5 5.5 6 40 20 0 20 40 60 80 100
Vi - Input Voltage -V T, - Ambient Temperature - °C
Figure 3. Figure 4.
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QUIESCENT CURRENT (Ig) INTO AVIN
Vs

EN HIGH THRESHOLD VOLTAGE

Vs
ViN ViN
140 1 T
Tp =-40°C
120 Tp=0C |
0.9 - T, =25°C —
A )/V
g 100 T Tp=55°Cc [ 1A=85C— > /Bf \ T
. Ta= 2/5 c / 2 08 —
E - /
[0 80 ] } |_— —
o v =07 — \
£ = Tp=55°C
§ o0 . 'g-, // A
Q = 0o T T, =85°C
= . Tp=0°C 0.6 A
3 a0l Tp =-40°C E
20 0.5
0 0.4
25 3 3.5 4 4.5 5 5.5 6 25 3 3.5 4 4.5 5 5.5 6
V| - Input Voltage -V VI . Input Voltage -V
Figure 5. Figure 6.
EFFICIENCY EFFICIENCY
Vs Vs
OUTPUT CURRENT OUTPUT CURRENT
100 T 100
| Vo=13V Vig33v
95 v,=27V- iIssVl | =33 uH, — 95 e
V=36V DCR <100 mQ (—
90 | =
90 — Vi=36V
‘k ° =
X 85 / 3/_ % % 85| Vl 4.2V
; S z |
) hY V=55V
£ 8ol /. V,=4.2V ;5, 80 |=5.5
L 2
& V=55V ] /
wooel / 75 l
70 (-4 70
/ Vo=3.00V
65 65 L=33uH, —
/ DCR < 100 mQ
60 60 |
0 0.2 0.4 0.6 0 0.2 0.4 0.6
lg - Output Current - A Io - Output Current - A
Figure 7. Figure 8.
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EFFICIENCY EFFICIENCY
Vs Vs
OUTPUT VOLTAGE OUTPUT VOLTAGE
100 T T T 100 T T T
V=42V, V,=3.6V,
L=3.3 uH, L=3.3 uH,
95 — DRC < 100 mQ /// 95 — DRC < 100 mQ ///, -
90 90 — —
L =
X / * 7 RL 5Q
'>‘ RL =50 '>‘ \ RL =10 Q
% 85’/ R =100 § 8‘r’***R|_=15g‘z
$ N 5
= =
w R =150 w
80 80
75 75
70 70
1.3 15 17 19 21 23 25 27 29 341 1.3 15 1.7 19 21 23 25 27 29 341
Vg - Output Voltage - V Vg - Output Voltage - V
Figure 9. Figure 10.
OUTPUT VOLTAGE OUTPUT VOLTAGE
Vs Vs
OUTPUT CURRENT OUTPUT CURRENT
1.339 T 1.339 T
Tp =25°C, T = -40°C,
V =0V, -
CON ’ VCON =0 V,
1.326 Vo=13V 1326 —y =13V
>
. 1.313 % 1313
=] o
g g
= =
> 13 / S 43 N /
3 V=27 v 5
= & V, =27V,
3 V,=33V, 3 1=
L 12871 V=36V, Y 1.287 Vi=33V,
> V=42V, 2 Vi=36V,
V,=55V V=42V,
1.274 1.274 V=55V
1.261 1.261
0 0.2 0.4 0.6 0 0.2 0.4 0.6
Ig - Output Current - A lg - Output Current - A
Figure 11. Figure 12.
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OUTPUT VOLTAGE OUTPUT VOLTAGE
VS VS
OUTPUT CURRENT OUTPUT CURRENT
1.339 ‘ 2.833 |
T =85°C, T = 25°C,
V =0V. =
1326, %, 30v ’ 2805 Veon =11V,
0=1. Vo =275V
>. 1.313 > 2.778
Q Q
g g
S S
2 13 1 Va 2 2750
5 vi=27v : /
3 = 5
< 12877\/'_3.3\/, ER Y £ b
o V=36V, o2 Vi=36V.
xl = ‘;: z V=42V,
1.274 == 2605 V=55V
1.261 2.668
0 0.2 0.4 0.6 0 0.2 0.4 0.6
lo - Output Current - A Ig - Output Current - A
Figure 13. Figure 14.
OUTPUT VOLTAGE OUTPUT VOLTAGE
VS VS
OUTPUT CURRENT OUTPUT CURRENT
2.833 | 2.833
Ty = -40°C, T, =85°C,
2805]  Veon =11V, 2805 Voo =11V
Vo =275V : Vo =275V
S 2778 > 2778
o o ’
g 2
G G
S 2750 S 2750
5 / 5
= 2
5 V=33V 5
o | ’ = 3.
) 2723y, =34V, S ,723|  VI=33V,
= V=42V o Vi=38V,
V=55V g Vi=4.2V,
2695 | 2695| V=55V
2.668 2.668
0 0.2 0.4 0.6 0 0.2 0.4 0.6

lg - Output Current - A
Figure 15.

Ip - Output Current - A

Figure 16.
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Vg - Output Voltage -V

Vo — Output V oltage - V

OUTPUT VOLTAGE
Vs
OUTPUT CURRENT
3.183
Tp =25°C,
V =14V,
CON ’
34521y =3.00V
3.121
3.09 A
V,=3.6V,
3.059 V=42V,
V=55V
3.028
2.997
0 0.2 0.4
lg - Output Current - A
Figure 17.
Vour OUTPUT VOLTAGE
VS
Vcon VOLTAGE
2T
30l vi=42v /
R.=80Q
2.8 /
2.6 /
2.2 /
2.0 / Tp = —40°C,
/ Ta = 25°C,
1.8 / Tp =85°C
1.6
1.4 /
/
1.2

'0.0 02 04 06 08 10 12 14 16 18 20

Vcon — Voltage Control - V
Figure 19.

Vg - Output Voltage - V

Vg - Output Voltage - V

3.183

3.152

3121

3.09 |-

3.059

3.028

2.997

3.183

3.152

3121

3.09

3.059

3.028

2,997

OUTPUT VOLTAGE
S
OUTPUT CURRENT
\
Tp =-40°C,
7VCON =14V,
Vo=3.09V
— N
V,=3.6 V,/
—V,=4.2V,
V=55V
0 0.2 0.4 0.6
lg - Output Current - A
Figure 18.
OUTPUT VOLTAGE
VS
OUTPUT CURRENT
T
T, =85°C,
Vecon =14V,
I Vo=3.00V
Vv, =3.6 V/
V=42V,
V=55V
0 0.2 0.4 0.6

lg - Output Current - A
Figure 20.
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OUTPUT VOLTAGE Vour VCON MAX THRESHOLD
Vs Vs
VCON VOLTAGE VOUT TA =25°C
3.150 ‘ 3.150 ‘
Ta=25°C, Tp =25°C,
3.430 | RL=8Q 3.430 | RL=8Q
> >
o 3.110 o 3.110
= V=45V = V=45V
S S
= 3.090 R 5 3.090 Y
3 |_— V=35V 3 |_— 7/\v=3.5v
1 1
Q V=55V Q V=55V
o 3.070 o 3.070
> >
3.050 3.050
3.030 3.030
1.230 1.232 1.234 1.236 1.238 1.240 1.230 1.232 1.234 1.236 1.238 1.240
VCON - Max Threshold -V VCON - Max Threshold -V
Figure 21. Figure 22.
VCON MAX THRESHOLD VCON MAX THRESHOLD
Vs VS
VOUT TA = 85°C VOUT TA =-40°C
3.150 ‘ 3.150 ‘
T, =25°C, T, = -40°C,
3130 | R =80 3130 R =82
> >
o 3.110 o 3.110
g Vi=45V g V=45V
) 5 \
S \ S —
- o
5 = s V=35V
o 3.070 ! o 3.070
= >
3.050 3.050
3.030 3.030
1.230 1.232 1.234 1.236 1.238 1.240 1.230 1.232 1.234 1.236 1.238 1.240
VCON - Max Threshold - V VCON - Max Threshold - V
Figure 23. Figure 24.
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VCON MIN THRESHOLD
Vs
VOUT TA =25°C

VCON MIN THRESHOLD
VS
VOUT TA =85°C

1.310 \ 1.310 T
T, =25°C, / T, = 85°C, /
y
1.308 — R, =8Q / 1.308 R =80 /
1.306 | Vissv 1.306 i
S V|=\4.5V 152 / > V,=55V /
+ 1.304 ! + 1.304 | V=45V —
2 . 5 IRy
S 1.302 = 1.302 v
S S *ﬂ
5 1300 y = — V=35V 5 1.300 |
H V,=2.5V g v, <25V
S 1.298 S 1.298 Vi=35V
' o
= 1.206 > 1.296
1.294 1.294
1.292 1.292
1.290 1.290
0.515 0.517 0.519 0.521 0.523  0.525 0.515 0.517 0.519 0.521 0.523 0.525
VCON - Max Threshold -V VCON - Min Threshold - V
Figure 25. Figure 26.
VCON MIN THRESHOLD
VS
Vour Ta =—40°C LOAD TRANSIENT RESPONSE Vgour = 1.3V
1.310 T V538V, i
Tp =-40°C, l/ Vo=13V, ¢
1.308 |- R =80 o =50 MAt0 250 MA, - - - -
Veon = AGND
1.306 4‘7v,=55v
V=45V
= 1304 L
® 00 mA/div
o 5 .
8 1.302
;) e
% 1.300 :
= )
3 q28}— —t+——+——+———+————— 1 T SR
O. 250 mA
o ; Rt Tnpames
> 1.296 L Lo 1p|=200 mAddiv .
1.294 )
O S AR AN S AN R (N AEIEUENSIEISIEE SUT 50 A
1-290 T e
0.515 0.517 0.519 0.521 0.523 0.525 Time base - 10 us/div
VCON - Min Threshold -V
Figure 27. Figure 28.
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V=42V,

.Vo 300V,
15 = 100 mAto-400 mA,
Veon =AVIN

LOAD TRANSIENT RESPONSE VOUT = 3 09

Vo =

L= 3.3 4H, co 47pF

100 mv/div*

i "

"1y = 200 AV :

LOAD TRANSIENT RESPONSE Vgyr = 3.09 V

Time base -

42V,
vo—sogv

15 =100 mAto 400 mA,

Voon =AVIN

L= 22uH CO—'lOpF '

. -: 100 mV/div. A, -

. lo .25200 n‘TA/divE S

10 ps/div

Figure 29.

LOAD TRANSIENT RESPONSE VOUT =3.09 V

=42V L=33H, Co =10 yF
vO 3.09V, -
g = 100 MAT0400 MA, -+ oo
Veon = AVIN Vg =100 mV/div
L e sonmaAnv
400 mA
o % 200 MAVdiv

Time base - 10 us/div

Figure 31.

400 mA

lo = 200:mA/div

Time base - 10 ps/div
Figure 30.

PWM MODE OPERATION Vgyr = 1.3V

1:00'mA' 4

Vo =13V

Vg =10 mV/div

lo = 100 mA/div

=36V,
I =200 mA,
Veon =0V,
L=3.3 uH, CO =4.7uF

ISW 2 V/div

Time base - 200 ns/div
Figure 32.
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PWM MODE OPERATION Vgyr = 3.09 V

V=36V,
||_=200mA'y":"": ..... :
Veon = Vi
R A
L=33puH, Co=4.7 uF

”"i'i'm'e'lig'a's'e'-zoo ns/div....;....;....

Figure 33.

VCON VOLTAGE RESPONSE

EEAY

R =100 -
- L=3.3uH,Co=4.7 uF

Time base - 50 us/div

Figure 35.

OUTPUT VOLTAGE RIPPLE AT HIGH DUTY CYCLE

OPERATION

Vg =10 mVidiv :
: : # Vg =309V

Ll =200mA/div. ... .31 L=33uH,

Go =47 uF

Time base - 1 us/div

Figure 34.

VCON OUTPUT VOLTAGE RESPONSE AND

SYNCHRONOUS APPLIED LOAD TRANSIENT

1.4V

- Veon = 1 Vidiv

V=42,

P00 MATAG0 AL

Voan =0 V/1.4

= 500 mA/div
Time base - 25 ps/div

Figure 36.
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STARTUP Vour 1.3 V STARTUP Vour 3.09 V

i : 3 — f EN=5 Vit (I ;
EN'= 5 Vidiv : : 4 ; S vy T 1309V 4

V=36V, V=42V,

TR AR D R-=10 €, -
R =100, Vo = 500 mV/div C iy
Veon =0V, - : . Voo = 14V,

V=13V . . .. T (Vo =3.09V.

/7Vo =1 mVidiv

0V ov.

I, =500 mA/div

Time base - 40 us/div

Time base - 40 pus/div
Figure 37. Figure 38.

LINE TRANSIENT RESPONSE

T V=36V 042Y,
.V‘ =500 mA/div . 4.2V IL =100 mA,-
Veon = 14V, -

Time base - 40 us/div
Figure 39.
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V,25Vt0 6.0V
° T | 3.3 uH
10 HF__ AVIN PVIN VO =2.5x VCON
— sw 1.3Vto3.09V
Controller 47 F
FB
ON/OFF EN

DAC VCON
AGND PGND
1 1
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V,33Vto6V

2.2/2.7/13.3 pH
SW

7 !
10 uF I AVIN PVIN
- TPS62701
FB

¢o— EN

L VCON
AGND PGND
B

Figure 41. TPS62701 With Fixed Vgyr 3.09 V

Figure 40. TPS62700 Application Circuit

——10F

Vo 3.09V
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OUTPUT FILTER DESIGN (INDUCTOR AND OUTPUT CAPACITOR)

Inductor Selection

The inductor value has a direct effect on the ripple current. The selected inductor must have adequate ratings for
dc resistance and saturation current. The inductor ripple current (Al ) decreases with higher inductance and
increases with higher V,y or Vgyr-

Equation 2 calculates the maximum inductor current under static load conditions. The saturation current of the
inductor should be rated higher than the maximum peak inductor current as calculated with Equation 3. This is
recommended because during heavy load transients, the inductor current rises above the calculated value.
1- Vour

VIN

Ixf )

Al
I max =loutr_max + >

Al = Voyr x

3
Where

f = Switching Frequency (2.0 MHz typical)

L = Inductor Value

Al, = Peak to Peak inductor ripple current

IL_wax = Maximum Inductor current

A good approach is to select the inductor current and inductance rating for the maximum switch current limit of
the TPS6270x.

Accepting larger values of ripple current allows the use of lower inductance values, but results in higher
output-voltage ripple, greater core losses, and lower output-current capability.

The total losses of the inductor have a strong impact on the efficiency of the DC/DC conversion and consist of
both the losses in the dc resistance (R,) and the following frequency-dependent components:

» The losses in the core material (magnetic hysteresis loss, especially at high switching frequencies)

» Additional losses in the conductor from the skin effect (current displacement at high frequencies)

* Magnetic-field losses of the neighboring windings (proximity effect)

* Radiation losses

Table 1. List Of Inductors

DIMENSIONS (mm) INDUCTOR Series SUPPLIER
25x20x1,2 KSLI-252012AG Hitachi Metals
25x20x1,2 MIPSA2520 FDK
25x2,0x1,2 LQM2HPN Murata
28x26x14 VLF3014AT TDK
3,9x3,9x17 LPS4018 Coilcraft
Copyright © 2007-2008, Texas Instruments Incorporated Submit Documentation Feedback 19
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Output Capacitor Selection

The advanced, fast-response, voltage-mode control scheme of the TPS6270x allows the use of tiny ceramic
capacitors. Ceramic capacitors with low ESR values have the lowest output-voltage ripple and are
recommended. The output capacitor requires either an X7R or X5R dielectric. Y5V and Z5U dielectric capacitors,
aside from their wide variation in capacitance over temperature, become resistive at high frequencies.

At nominal load current, the device operates in PWM mode, and the RMS ripple current is calculated as:

1 Your
V 1
| =V, x IN_
RMSCout ouT Lxf 2 ‘/g (4)
At nominal load current, the device operates in PWM mode and the overall output voltage ripple is the sum of the

voltage spike caused by the output capacitor ESR plus the voltage ripple caused by charging and discharging the
output capacitor:

1_V0i
AV = Ve o x N 1 LEsR
out = Vour X — 8xC o xf

(5)
Input Capacitor Selection

Because of the nature of the buck converter due to its pulsating input current, a low-ESR input capacitor is
required for best input-voltage filtering, and to minimize interference with other circuits caused by high
input-voltage spikes. For most applications, a 10-puF ceramic capacitor is recommended. The input capacitor can
be increased without any limit for better input-voltage filtering.

Take care when using only small ceramic input capacitors. When a ceramic capacitor is used at the input and the
power is being supplied through long wires, such as from a wall adapter, a load step at the output or V,y step on
the input can induce ringing at the VIN pin. This ringing can couple to the output and be mistaken as loop
instability or could even damage the part by exceeding the maximum ratings.

List Of Capacitors

Size Capacitance pF TYPE SUPPLIER
0603 4.7 GRM188R60J475K Murata
0603 10 GRM188R60J106M Murata
20 Submit Documentation Feedback Copyright © 2007-2008, Texas Instruments Incorporated
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LAYOUT CONSIDERATIONS

As for all switching power supplies, the PCB layout is an important step in the design. Proper function of the
device demands careful attention to PCB layout. Care must be taken in board layout to achieve the specified
performance. If the layout is not carefully done, the regulator could show poor line and/or load regulation, stability
issues, as well as EMI problems. It is critical to provide a low-inductance, low-impedance ground path. Therefore,
use wide, short traces for the main current paths. The input capacitor should be placed as close as possible to
the IC pins PVIN and PGND. The inductor and output capacitor should be placed close to SW and PGND.

The FB line should be connected directly to the output capacitor and routed away from noisy components and
traces (e.g., SW line).

VCON
ENABLE

Figure 42. Suggested Board Layout

PACKAGE SUMMARY

CHIP SCALE PACKAGE CHIP SCALE PACKAGE
(BOTTOM VIEW) (TOP VIEW)
sw

rowo[33) 32 (41|
YMLLLL
o nowo|(E) (o) e
/
ro|(e8) (62) (o1 )

VcoN Code:
- YM: 2 digit year/month date code
E - LLLL: lot trace code

- S: assembly site code
- CKL: TPS62700 device code

PACKAGE DIMENSIONS

Dimension D Dimension E2
1,64 mm £ 0,03mm 1,5mm = 0,03
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS62700YZFR DSBGA YZF 8 3000 180.0 8.4 165 | 165 | 081 | 4.0 8.0 Q1
TPS62701YZFR DSBGA | YZF 8 3000 180.0 8.4 165 | 1.65 | 0.81 | 4.0 8.0 Q1
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At
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e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS62700YZFR DSBGA YZF 8 3000 182.0 182.0 20.0
TPS62701YZFR DSBGA YZF 8 3000 182.0 182.0 20.0
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MECHANICAL DATA

YZF (S—XBGA—NB)

DIE-=SIZE BALL GRID ARRAY

®
RS
®

-
@

1

14

®
o
%

PIN Al f

INDEX AREA

0,35

0,15
0,625 MAX | |

U U U____ SEATING PLANE

|
2 \
8x ¢_0.3_

(418 0.015@[C[A[B]

4205058-3/P 07/13

NOTES: A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.

B. This drawing is subject to change without notice.
C. NanoFree™ package configuration.

NanoFree is a trademark of Texas Instruments.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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